The chemical evolution of groundwater has received close attention from hydro-geologists.
INTRODUCTION
The knowledge of spatial-temporal distribution and formation of the groundwater quality along with the factors influencing the quality is the key to understanding the circulation, evolution, and ecological effects of groundwater. At present, the research on the forming mechanism of hydrogeochemistry has basically focused on several aspects, In general, the thermodynamic equilibrium theory is employed to explain water-rock interactions; however, hydro-chemical components are generally not in equilibrium in the natural environment. For example, in the natural system, the behaviors of minerals with a relatively low solubility, such as calcite, gypsum, halite, and fluorite, are generally reversible, and can easily reach an equilibrium within a short period of time. In contrast, for the majority of other minerals such as plagioclase, biotite, and silicate rock that have a significant influence on natural hydro-chemistry, it is very difficult for them to reach an equilibrium in the natural system (Glynn & Plummer ) . This suggests that many geochemical processes are complicated nonlinear kinetic processes.
The Yinchuan Plain is a typical semi-arid and arid region in northwestern China, which experiences intense irrigation activities and an extreme blend of irrigation water and groundwater. Eighty percent of groundwater in the region comes from surface water, due to which the formation and zonation of groundwater in this region is critical (Zhang & Zhang ; Jing et al. ) . The aims of this paper were to: (1) investigate the possible physical and chemical processes in various mixing processes, through simulating the interactions among groundwater, irrigation water, and water-bearing rocks via indoor test and (2) provide the theoretical basis for explaining the chemical formation of groundwater in this region. 
MATERIALS AND METHODS

Sample collection and analysis
Sample collection
Test analysis methods
In the mixing simulation test, analysis was conducted mainly on the hydro-chemical components of river water and groundwater, the mineral characteristics of rocks, and Change in the interactions among the Yellow River water, groundwater, and rocks with time
The Yellow River water and groundwater were mixed at a ratio of 8:2, and followed by the addition of rocks at a mass ratio of 5:1 (total volume of water sample, 600 mL;
total mass of air-dried rock sample, 100 g) to prepare nine (2) Theoretical calculation of concentration: The theoretically calculated concentration of a component in mixed water samples was calculated as follows:
where V groundwater, whereas C measured < C suggests that the components have been reduced from the mixture.
After the addition of rock samples into the mixed water samples, C measured > C suggests that the components have entered into the mixture via rocks due to dissolution, while C measured < C suggests that the components have been reduced from the mixture due to rock adsorption or precipitation.
RESULTS
Chemical characteristics of groundwater, the Yellow River water, and rocks
The chemical characteristics of groundwater, the Yellow River water, and rocks are presented in Tables 1 and 2 .
Physical and chemical characteristics of groundwater
The groundwater is colorless, odorless, and transparent ( 
Chemical characteristics of the Yellow River water
The Yellow River water is neutral, hard, and brackish, and is Na · Ca · Mg-HCO 3, as shown in Table 1 
Mineral characteristics of rocks
The mineral facies of rock samples mainly consist of primarily aluminosilicates followed by carbonates (Table 2) .
Illite is rich in K, Na, Mg, and Fe, whereas chlorite is rich in Fe and Mg. Plagioclase is rich in Ca and Na and potassium feldspar is rich in K. During the weathering process, these rocks are dissolved, and converted into HCO 3 − , Na þ , Ca 2þ , Mg 2þ , and K þ in groundwater. As indicated by the analysis of soluble salts (Table 2) , the order of anion and cation content; that is, HCO 3 − > SO 4 2− > Cl − > CO 3 2− and 
Mixing and water-rock interactions
Mixing between the Yellow River water and groundwater indicating that their concentrations were reduced in the mixture. As for HCO 3 − , the measured concentrations were greater than the theoretical values for ratios of 1:9-3:7, and lower than the theoretical concentrations for ratios of 4:6-9:1. Thus, the concentration of HCO 3 − increased in the former scenario, while it decreased during the latter.
Interactions among the Yellow River water, groundwater, and rocks
The results of the interactions among the Yellow River water, groundwater, and rocks are shown in varied depending on the differences in the mixing ratio of the Yellow River water and groundwater: When the ratio was 1:9-5:5, Ca 2þ was adsorbed or precipitated, resulting in the reduction in concentration in the mixture, while However, it is worth noting that the decline of ion contents and the change of hydro-chemical components can also be due to the interactions among various elements in addition to the mixing effect. According to the analysis of The TDS value in the mixture of ratio 3:7 was lower than that of the Yellow River water, suggesting that the total content of hydro-chemical components declined after mixing and that gas production, precipitation, or adsorption occurred.
A positive value represents the decrement in hydrochemical components due to mixing, while a negative value represents the increment. The influence of the mixing ratio on the chemical components of anionic water is given in Figure 7 . The increment gradually increased with the increase in the mixing ratio, ranging between 6 and 30 mg/L. In contrast, the release of K þ did not cause any significant change; that is, it varied only between 0.6 and 4 mg/L. Since Na þ and K þ are soluble salts with a high solubility, the increased change in Na þ can be due to the dissolution of sodium salts and potassium after the addition of rocks. 
Change trend of water-rock interactions with time
The change trend of water-rock interactions with time is presented in Figures 9-12 . As shown by Figure 9 , their pH values presented a rising trend relatively consistently over the time. In particular, after mixing the Yellow River water, groundwater, and rocks, the pH of the mixture and its change amplitude were large, suggesting that the components in the mixture were significantly affected by the components in rocks. Consequently, the mixture moved from neutral towards the slightly alkaline direction. As evident from Figure 10 , TDS was gradually reduced with time, suggesting that precipitation or the escape of gas occurred during the water-rock interactions.
In the case of cations and anions, Na þ showed a rising trend, while neither Mg 2þ nor Ca 2þ experienced any obvious change (Figure 11 ). Similarly, both SO 4 2− and HCO 3 − showed a declining trend, while Cl − did not experience any change (Figure 12 ). An increase in sodium salts can be attributed to dissolution during the water-rock inter- 
CONCLUSIONS AND SUGGESTIONS
In arid regions, the mixing between surface water and groundwater is very common. Various physical and chemical processes during mixing determine the direction of water quality evolution in these regions. Based on the indoor simulation test on the water-rock interactions in Yinchuan, the study concludes the following:
• After the mixing of the Yellow River water and groundwater, the Yellow River water had a dilution effect on groundwater. The contents of major ions were reduced with the increase in the proportion of the Yellow River water; however, the decrements were not the result of a simple mixing and dilution. Ca 2þ and SO 4 2− mainly experienced precipitation; HCO 3 − produced changes with the ratio of the mixing, When mixing the Yellow River water and groundwater at a ratio of 1:9-3:7, CO 2 dissolved in water, and resulted in the increase of HCO 3 − . However, in the mixture of a ratio of 4:6-9:1, HCO 3 − was reduced due to precipitation.
• In the mixture of the Yellow River water, groundwater, and rocks, the pH reached 8.4 from neutral pH. The CO 2 system reached the equilibrium again, and produced • Whether it was the mixing between the Yellow River water and rocks or the mixing among the Yellow River water, groundwater and rocks, the water-rock interactions presented relatively consistent trends with time,
suggesting that the water-rock interactions of this region mainly depend on the main components of the Yellow River water and rocks.
